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論 文 題 目  Hydrogen-bonding interaction mediated asymmetric catalysis:  




論文提出者 Azka Azkiya Choliq 
Asymmetric catalysis is currently one of the most promising way to produce enantiomerically 
pure compound due to its efficiency and satisfactory results. Some examples of asymmetric 
catalysis are chirally modified heterogeneous catalysis, homogeneous organometallic catalysis 
and homogeneous organocatalysis. In asymmetric catalysis, stereocontrol is essential to 
produce chiral molecule in high enantiopurity. In this study, features of the catalysis playing 
important role in providing stereocontrol ability was investigated, especially in the field of 
chirally modified heterogeneous catalysis using tartaric acid-modified Raney nickel catalyst 
and in the field of homogeneous organocatalysis using urea-guanidine catalyst. 
In tartaric acid-modified Raney nickel system, hydrogen-bonding interaction between tartaric 
acid and substrate was proposed to be one of the factors governing enantioselectivity, although 
no direct evidence is available to support this hypothesis. Here, we conducted kinetic and 
theoretical studies, using Langmuir-Hinshelwood formalism as the basis, to reveal the assumed 
correlation between hydrogen-bond strength and enantioselectivity. Two types of 
hydrogenation reaction were conducted for each substrate: individual and competitive 
hydrogenations. Relative hydrogenation rates of each substrate were obtained and then 
evaluated using Langmuir-Hinshelwood formalism to obtain the relative adsorption 
equilibrium constant of each substrate, which reflects the relative strength of substrate-tartaric 
acid interaction. The comparison between the relative equilibrium adsorption constant and 
enantioselectivity revealed that the enantioselectivity increases in proportion to the relative 
interaction strength. We also conducted DFT calculation studies to estimate the hydrogen-bond 
strength between modifier and substrate. The consistency between DFT calculation results and 
experimental results indicates that the kinetic and theoretical approaches used in this study is 
appropriate to estimates the hydrogen-bonding interaction strength between tartaric acid and 
the substrate, and accordingly we successfully provided semi-empirical evidence, for the first 
time, verifying the assumed correlation between hydrogen-bonding interaction and the 
enantioselectivity. 
In the second study about homogeneous organocatalysis, I focused on the utilization of -keto 
ester as pro-nucleophile. Enol tautomer of -keto ester have the potential to be used as 
nucleophile for the production of -functionalized -keto ester which can be further derivatized 
into various valuable organic compounds having higher molecular complexity. However, due 
to its instability, the utilization of enolate as the initial substrate is challenging. In this case, a 
proper base/catalyst is necessary to control the conformation of the enolate prior to the reaction. 
In the current study, I tried to investigate the utilization of -keto esters as pro-nucleophiles in 
Michael addition reaction to di-t-butyl-methylenemalonate with the help of an organocatalyst. 
The study of catalyst structure revealed that bifunctional catalyst consisted of urea group and 
guanidine base works excellently for this reaction. It was proposed here that urea group is 
essential to activate and control the electrophile by donating two hydrogen-bond to 
di-t-butylmethylenemalonate, while guanidine base is crucial to control the conformation of 
nucleophile by forming one hydrogen-bonding interaction with the enolate. The investigation 
of substrate generality showed that various -keto esters having different substituents at the 
acyl group as well as at the alkoxy group could be employed as pro-nucleophiles in this reaction 
producing the corresponding adduct with good to excellent enantioselectivity. Additionally, 
the product derivatization study revealed that the adduct could be transformed successfully to 
-valerolactone without losing in enantioselectivity. 
Based on the above studies, it was shown that hydrogen-bonding interaction between chiral 
organic molecule and substrate plays an important role in providing stereocontrol for 
asymmetric catalysis in both chirally modified heterogeneous catalysis and homogeneous 
organocatalysis. 
